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Introduction
============

The maxillary sinus, also known as the "antrum of Highmore," is the largest of the paranasal sinuses and the first to develop embryologically at 16 weeks of gestation \[[@REF1]\]. The sinus is pyramidal in shape and is composed of four walls, including a base formed by the lateral wall of the nose and an apex that extends into the zygomatic process \[[@REF2]-[@REF3]\]. It lies within the body of the maxillary bone on the lateral side of the nasal cavity \[[@REF4]\].

Sinus pneumatization is a continuous physiological process that causes the paranasal sinuses to increase in volume \[[@REF5]\]. Sinuses give resonance to voice, contribute to the shape of the face, and provide some degree of warmth and humidification to inspired air \[[@REF6]\].

After birth, the maxillary and ethmoidal sinuses are fully developed \[[@REF7]\] and continue to pneumatize as the permanent teeth erupt \[[@REF8]\]. The pneumatization extends inferomedially, through nearby bony elements into the hard palate, laterally into the zygomatic bone, and posteriorly into the ethmoids \[[@REF9]\]. According to some authors, the most common site to undergo pneumatization is the anteromedial wall of the maxillary sinus \[[@REF10]-[@REF11]\].

However, pneumatization may sometimes be extensive and may expose the roots, resulting in the engagement of the maxillary molar and premolar roots within the floor of the sinus. This may lead to complications during extractions and difficulties during implant placement \[[@REF12]-[@REF13]\].

It is believed that tooth loss induces maxillary sinus pneumatization, which may lead to a union between the sinus floor and the crest of the alveolar bone in extreme cases \[[@REF14]\]. Some studies that compared pre- and post-extraction radiographs suggest that maxillary sinus pneumatization may occur after posterior tooth extraction \[[@REF8]\]. A study conducted in Israel that compared the dimensional changes in the alveolar ridge and the corresponding maxillary sinus following tooth extraction, with or without socket preservation, showed that tooth extractions in the posterior maxilla may lead to sinus pneumatization and crestal bone loss \[[@REF15]\].

This study aimed to assess maxillary sinus pneumatization following extractions.

Materials and methods
=====================

A total of 282 panoramic radiographs in this retrospective study were selected randomly from archived dental records of patients treated in the Dental University Hospital at King Saud University in Riyadh, Saudi Arabia. They were all obtained with a Planmeca ProMax 3D Max machine (Helsinki, Finland). Digital panoramic radiographs were used to assess maxillary sinus pneumatization following tooth extractions.

Radiographs of patients who had a tooth extraction of either the second premolar, the first molar, or the second molar were included in the study. Images of patients with a history of sinus diseases, sinusitis, pathological lesions, or bone preservation procedures were excluded.

The radiographs selected showed the roots of the posterior maxillary teeth, the maxillary sinus floor, and the inferior orbital margins. Three reference lines were marked on all radiographs under standard conditions (Figure [1](#FIG1){ref-type="fig"}): one line joining the most inferior points of both orbital margins, a vertical line passing through the orbit, bisecting it into two equal halves, and a third line running horizontally, parallel to the inferior border of the sinus.

![Panoramic image illustrating the reference lines drawn and the perpendicular distances measured in the study](cureus-0012-00000006611-i01){#FIG1}

Measurements taken included the distance between the maxillary sinus floor to either the second premolar, the first molar, or the second molar, as these are the teeth whose roots are closest to the sinus and crest of the alveolar ridge.

The data were analyzed using SPSS 24.0 statistical software (IBM Inc., Chicago, USA). Descriptive statistics, including mean, standard deviation, frequencies, and percentages, were used to describe the quantitative and categorical variables. Student's t-test for independent samples was used to compare the mean values of change in the sinus floor position in relation to gender, site, and molar side. One-way analysis of variance was used to compare the mean values of change in sinus in relation to the age groups while Tukey's multiple comparison test was used in relation to molar type. A p-value of \<0.05 was used to report the statistical significance of results.

The teeth nomenclature selected and used in this paper was the World Dental Federation (FDI) two-digit numbering system for the purpose of identifying teeth.

Results
=======

A total of 282 radiographs were selected and analyzed. Out of the 282 study subjects, 158 subjects (56%) were females and 147 subjects (52.1%) were between the ages of 31 and 50 years. The distribution was unilateral in 171 subjects (60.6%) of the subjects and bilateral in 111 subjects (39.4%). The six teeth evaluated in this study were tooth numbers 17, 16, 15, 25, 26 and 27 (Table [1](#TAB1){ref-type="table"}).

###### Distribution of the characteristics of study subjects (n=282)

  ----------------------- -----------
  Characteristics         N (%)
  Age groups (in years)    
  ≤ 30                    37(13.1)
  31-50                   147(52.1)
  \> 50                   98(34.8)
  Gender                   
  Male                    124(44)
  Female                  158(56)
  Site                     
  Unilateral              171(60.6)
  Bilateral               111(39.4)
  Tooth number             
  \#17                    78(27.7)
  \#16                    131(46.5)
  \#15                    97(34.4)
  \#25                    107(37.9)
  \#26                    126(44.7)
  \#27                    80(28.4)
  ----------------------- -----------

The comparison of the mean values of change in sinus in each of the six teeth across the three age groups showed a statistically significant difference in tooth numbers 17, 26, and 27. In tooth number 17, the highest mean value change occurred in subjects 30 years old or younger when compared with subjects who were between 31 and 50 years old and subjects above 50 years of age (p\<0.0001). A similar pattern was observed in tooth number 26, where the mean value of change in the sinus floor position was also significantly higher in subjects 30 years old or younger when compared with subjects who were between 31 and 50 years old and above 50 years of age (p\<0.0001).

The mean value of change in the sinus floor position in tooth number 27 was significantly higher in subjects who were between the ages of 31 and 50 years old when compared with those of the other two age groups (p=0.029). Additionally, there was no significant difference between the mean values of subjects less than 30 and more than 50 years old. No statistically significant differences in the mean values of sinus floor position change for the other three teeth (16, 15, and 25) were observed across the three age groups (Table [2](#TAB2){ref-type="table"}).

###### Comparison of the mean values of change in sinus in each tooth in relation to age groups

\*Statistically significant

  -------------- ------------- ------------ ----------- -------- ------------
  Tooth Number   Age groups    F-value      p-value              
  \<=30          31-50         \>50                              
  \#17           16.70(10.6)   9.01(4.1)    6.44(3.9)   10.893   \<0.0001\*
  \#16           11.72(6.6)    10.04(5.7)   8.10(5.1)   2.978    0.054
  \#15           9.70(6.2)     10.01(4.8)   7.77(4.6)   2.458    0.091
  \#25           5.60(2.5)     9.36(4.2)    7.93(3.8)   2.779    0.067
  \#26           14.61(9.9)    9.47(5.4)    7.39(4.8)   8.595    \<0.0001\*
  \#27           6.75(3.0)     8.08(4.4)    5.76(2.9)   3.692    0.029\*
  -------------- ------------- ------------ ----------- -------- ------------

The comparison of the mean values of change in sinus floor position in each of the six teeth in relation to gender showed no statistically significant difference (Table [3](#TAB3){ref-type="table"}).

###### Comparison of the mean values of change in sinus in each tooth in relation to gender

  -------------- ------------ ----------- --------- -------
  Tooth Number   Gender       t-value     p-value   
  Male           Female                             
  \#17           8.03(5.9)    8.07(4.1)   -0.036    0.971
  \#16           10.02(6.9)   9.31(4.8)   0.692     0.490
  \#15           8.27(5.3)    9.61(4.6)   -1.308    0.194
  \#25           7.99(3.9)    9.04(4.2)   -1.299    0.197
  \#26           8.74(6.7)    9.54(5.7)   -0.717    0.475
  \#27           6.46(4.3)    7.40(3.5)   -1.068    0.289
  -------------- ------------ ----------- --------- -------

The comparison of the mean values of change in sinus floor position in each of the six teeth, in relation to the two categories of site (unilateral and bilateral), showed statistically significant differences in tooth numbers 16, 15, and 26, where the mean values of change in sinus floor position were significantly higher unilaterally than they were bilaterally. No significant differences were found in the other three teeth (17, 25, and 27) (Table [4](#TAB4){ref-type="table"}).

###### Comparison of the mean values of change in sinus in each tooth in relation to distribution

\*Statistically significant

  -------------- -------------- ----------- --------- ------------
  Tooth Number   Distribution   t-value     p-value   
  Unilateral     Bilateral                            
  \#17           9.58(6.7)      7.29(3.8)   1.941     0.056
  \#16           11.27(6.9)     8.42(4.4)   2.871     0.005\*
  \#15           10.91(5.1)     8.27(4.6)   2.547     0.012\*
  \#25           9.47(3.6)      8.23(4.3)   1.488     0.140
  \#26           11.70(7.4)     7.47(4.5)   3.984     \<0.0001\*
  \#27           7.20(3.4)      6.92(4.1)   0.299     0.766
  -------------- -------------- ----------- --------- ------------

The comparison of mean values of change in sinus floor position in relation to the molar type (first molar, premolar, and second molar) showed a statistically significant increase in value in the first molar and premolar as compared with the second molar (p=0.002). Multiple comparison tests indicated there was no difference between the first molar and premolar mean values (Table [5](#TAB5){ref-type="table"}).

###### Comparison of the mean values of change in sinus in relation to molar type

\*Statistically significant

  -------------- ------------ --------- ---------
  Molar type     Mean (Sd)    F-value   p-value
  First molar    9.39 (5.9)   6.547     0.002\*
  Premolar       8.86 (4.5)              
  Second molar   7.52 (4.5)              
  -------------- ------------ --------- ---------

The molar side (right and left) did not have any effect on the mean values of change in the sinus floor position, as there was no statistically significant difference in the mean values (Table [6](#TAB6){ref-type="table"}).

###### Comparison of the mean values of change in sinus in relation to molar side

  ------------ -----------
  Molar side   Mean (Sd)
  Right side   9.05(5.3)
  Left side    8.44(5.1)
  ------------ -----------

Discussion
==========

The results of this study suggest that maxillary sinus pneumatization may occur after posterior tooth extraction. Digital panoramic radiographs were used to assess the change in maxillary sinus floor position following tooth extractions. Radiographs of patients who had a tooth extraction of either the second premolar, the first molar, or the second molar were included in the study. Three reference lines were marked on all radiographs under standard conditions: one line joining the most inferior points of both orbital margins, a vertical line passing through the orbit, bisecting it into two equal halves and a third line running horizontally, parallel to the inferior border of the sinus. Measurements taken included the distance between the maxillary sinus floor to either the second premolar, first molar, or second molar, as these are the teeth whose roots are closest to the sinus and crest of the alveolar ridge. The data were analyzed using SPSS software. Out of 282 study subjects, 56% were females and 52.1% were between the ages of 31 and 50 years old. Site distribution was unilateral in 60.6% and bilateral in 39.4% of subjects. The six teeth that were assessed in this study were teeth numbers 17, 16, 15, 25, 26, and 27.

In the present study, the mean values of change in the sinus floor position in each of the six teeth across the three age groups showed a statistically significant difference in tooth numbers 17, 26, and 27. These differences were clinically appreciable. These values are in agreement with the previous study by Sharan and Madjar \[[@REF8]\], showing an increase of 1.83±6 2.46 mm in the sinus dimension for the same site pre and post-extraction without crestal bone preservation. Wagner and colleagues used 400 CT scans to examine the role of sinus pneumatization and residual ridge resorption in maxillary bone loss. They concluded that long-lasting edentulism in the maxillary molar area contributes to mild pneumatization in the walls of the sinus, although the depth of the sinus is independent of dentition as the anatomical variation \[[@REF16]\].

Ariji and colleagues assessed normal maxillary sinus volume on axial CT scans in relation to the presence of premolar and molar teeth. For patients over 20 years of age, the volume ranged from 4.56 to 35.21 cm (mean 14.7166.33 cm). Patients with and without maxillary premolars and molars had no significant difference \[[@REF17]\].

The comparison of the mean values of change in sinus floor position in relation to the molar type (first molar, premolar, and second molar) showed a statistically significant increase in value in the first molar and premolar compared with the second molar, contrary to the result of Arbel Sharan and Madjar, which showed a larger sinus pneumatization after the loss of a second molar \[[@REF8]\].

In regard to the two categories of sites (unilateral and bilateral), results showed a statistically significant difference for teeth numbers 16, 15, and 26, where the mean values of change in sinus floor position were significantly higher on the unilateral site as compared to those of the bilateral site. The data did not provide any significant difference for the other three teeth (17, 25, and 27). According to the present study, gender and molar side groups were not found to be statistically correlated with sinus pneumatization after extraction.

The limitations of this study include a lack of pre-extraction records such as time elapsed since the extraction and radiographs, in addition to the amount of bone loss during the extraction.

Conclusions
===========

Within the limitations of this study, it can be suggested that tooth extractions in the posterior maxilla may lead to sinus pneumatization and crestal bone loss. If dental implant placement is planned in these cases, the clinician should consider preserving as much bone height as possible by immediate implantation and/or by immediate bone grafting.
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